ImC  FILE  COPY  AD  A 1  2  0 


Supplement  to  TR-882:  GUIDE  TO  THE  USE  OF 
PROPELLANT-EMBEDDED  ANCHORS  IN 
CORAL  AND  ROCK  SEAFLOORS 

By 

R.  M.  Beard 

i 

June  1982 


Sponsored  by 


NAVAL  FACILITIES  ENGINEERING  COMMAND 
Alexandria,  Virginia  22332 


Program  No . :  YF59 .556.091.01. 204 


NAVAL  CIVIL  ENGINEERING  LABORATORY 
Port  Hueneme,  California  93043 


■jL> 

ELEC  *  E 


OCT  7  $82 


82  10  07  018 


Approved  for  public  release;  distribution  unlimited. 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


METRIC  CONVERSION  FACTORS 


M 


Mac.  PuW.  286.  Unite  o*  Welghtt  and  Maaaufee,  Price  82.2 8.  SO  Catalog  No.  Cl  3.1 0: 286. 


Unclassified 


Unclassified  S)  '  , 

SECURITY  CLASSIFICATION  OF  This  PAGE  f^»n  O mi  e  fnxete/) 

f  -  * 

REPORT  DOCUMEKT ATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

»  REPORT  NUMBFR  j2  GOVT  ACCESSION  NO 

TR-882S  !  DN987005 

3  RECIPIENT'S  CATALOG  NUMBER 

4  TiTcC  fmnd  Subfile) 

Supplement  to  TR-882:  GUIDE  TO  THE  USE  OF 
PROPELLANT-EMBEDDED  ANCHORS  IN  CORAL 

AND  ROCK  SEAFLOORS 

5  TYPE  OF  REPORT  A  PERIOD  COVERED 

Final;  Oct  77  —  Oct  81 

6  PERFORMING  OGo  REPORT  NUMBER 

7  AU  T  HORi  •. 

R.  M.  Beard 

0  CONTRACT  OR  GRANT  NUMBER!*) 

9  PERFORMING  organization  NAME  AND  ADORERS 

NAVAL  CIVIL  ENGINEERING  LABORATORY 

Port  Hueneme,  California  93043 

10  program  element  PROJECT  TASK 

AREA  ft  WORK  UNIT  NUMBERS 

62759N; 

YF  59. 5  56. 091. 01. 204 

II  CONTROLLING  OFFICE  name  AND  AOORfcSS 

Naval  Facilities  Engineering  Command 

12  REPORT  DATE 

June  1982 

Alexandria,  Virginia  22332 

n  NUMBER  OF  PAGES 

15 

14  MONITORING  AGENCY  NAME  a  AOORESSrif  different  from  Controlling  Office) 

15  SECURITY  Cl  ASS  'of  Ibia  report) 

Unclassified 

ISA  OECL  ASSiFiC  ATiON  DOWNGRADING 
SCHEDULE 

16  OlSTRiauTiON  ST  ATEMEN  T  (of  this  Report’ 

Approved  for  public  release;  distribution  unlimited. 

17  DISTRIBUTION  STATEMENT  (of  fhe  mbatrmet  entered  in  Block  20.  it  different  from  Report) 

10  supplementary  notes 

10  KEY  WORDS  ( Continue  on  reverae  aide  il  neceaamry  end  identify  by  block  number) 

Propellant-embedded  anchors,  anchors,  seafloors,  coral  seafloors,  rock  seafloors, 
rock  anchors 

20  ABSTRACT  fConfinu#  on  revtae  aide  ff  neceaamry  end  identify  by  block  number) 

w  This  handbook-style  report  has  been  prepared  to  assist  the  engineer  with  limited 
propellant-embedded  anchoring  experience  in  estimating  holding  capacity  of  this  type  of 
anchor  in  coral  and  rock  seafloors.  Site  survey  requirements  are  discussed  with  regard  to 
coral  and  rock  types  and  sediment  cover  and  their  affect  on  holding  capacity.  An  equation 
is  provided  for  estimating  holding  capacity  in  coral.  Limited  general  guidance  is  provided  for 
estimating  holding  capacity  in  rock. 

DD  |  j JJ1?)  1473  EDITION  OF  1  NOV  65  IS  OBSOLETE 

Unclassified 

SECURITY  CLASSIFICATION  OF  This  PACE  (Wh*n  Date  Entered) 


Unclassified 


SCCM"  * V  CC*SSirfCAT<OW  or  Th(S  y*GCf«rh«w  Omtm  toWMrf; 


Library  Card 

Naval  Civil  Engineering  Laboratory 

Supplement  to  TR-882.  GUIDE  TO  THE  USE  OF  PROPELLANT- 

EMBEDDED  ANCHORS  IN  CORAL  AND  ROCK  SEAFLOORS 

(Final),  by  R.  M.  Beard 

TR-882S  ISppillus  June  1982  Unclassified 
1.  Propellant-embedded  anchors  2.  Seafloors  I.  YF59.556.091.01.204 

This  handbook-style  report  has  been  prepared  to  assist  the  engineer  with  limited 
propellant-embedded  anchoring  experience  in  estimating  holding  capacity  of  this  type  of 
anchor  in  coral  and  rock  seafloors.  Site  survey  requirements  are  discussed  with  regard  to  coral 
and  rock  types  and  sediment  cover  and  their  affect  on  holding  capacity.  An  equation  is  provided 
for  estimating  holding  capacity  in  coral.  Limited  general  guidance  is  provided  for  estimating 
holding  capacity  in  rock. 


SeCuKITr  CL  SSSirtC  »TiON  OS  THIS  Dm  Fn (...*) 


CONTENTS 


j 


Page 


1.0  INTRODUCTION  .  1 

1 . 1  Background  .  1 

1.2  Related  Reports  .  2 

2.0  SITE  SURVEY  .  6 

2 . 1  Coral  Type 

2 . 2  Rock  Type 


2.3  Sediment  Overburden 

2.4  Topography  . 


3.0  HOLDING  CAPACITY  IN  CORAL  .  7 

4.0  HOLDING  CAPACITY  IN  ROCK .  9 

5.0  SUMMARY  . 10 

6.0  REFERENCES . 12 


4 


to  f, O  CO  C- 


1.0  INTRODUCTION 

Propellant-embedded  anchors  have  become  an  important  asset  in  the 
Navy's  mooring  equipment  inventory.  They  offer  potential  for  anchor¬ 
ing  in  coral  and  rock  seafloors  where  conventional  anchors  will  not  work 
or  present  major  logistic  problems.  Generally  satisfactory  results  have 
been  obtained  when  the  propellant- embedded  anchors  have  been  used  in 
coral  seafloors.  There  have  been  no  operational  uses  of  propellant- 
embedded  anchors  in  rock  seafloors,  although  limited  testing  has  demon¬ 
strated  the  potential  of  propellant-embedded  anchoring  in  rock  sea¬ 
floors.  This  supplement  to  Technical  Report  R-882  provides  guidance 
on  the  use  of  propellant-embedded  anchors  in  coral  and  rock  seafloors. 
This  guidance  covers  both  site  survey  requirements  and  holding  capac¬ 
ity  estimation.  The  guidance  is  generally  limited  to  N CEL- developed, 
plate-like  coral  flukes  and  the  recently  developed  experimental  conical 
rock  fluke. 

1.1  Background 

The  Navy's  interest  in  direct  embedment  anchors  is  concentrated 
on  propellant-embedded  anchors,  of  which  four  are  available  for  use: 
the  NCEL  10K,  20K,  100K,  and  the  SUPSALV  anchors.  The  anchors 
appear  and  function  similarly,  except  that  the  SUPSALV  anchor  has  a 
frame  that  allows  it  to  sit  on  the  seafloor  and  then  be  fired  electrically 
from  the  surface  on  command.  Figure  1-1  shows  the  NCEL  20K 
propellant- embedded  anchor.  On  contact  with  the  seafloor  the  touch¬ 
down  probe  triggers  the  safe/arm  device  that  in  turn  initiates  the 
propellant  contained  in  the  gun  barrel.  The  burning  propellant  drives 
the  fluke  into  the  seafloor  at  high  velocity,  while  reaction  is  provided 
by  the  gun  barrel  and  reaction  vessel.  As  the  fluke  penetrates  the 
seafloor,  it  drags  successive  loops  of  downhaul  cable  behind  it. 

A  major  advantage  of  propellant-embedded  anchors  over  other 
types  of  direct  embedment  anchors  is  their  potential  for  anchoring  in 
coral  and  rock.  The  first  attempts  to  anchor  in  coral  with  a  propellant- 
embedded  anchor  were  in  1961  (Bradley,  1963).  Since  then,  there  has 
been  a  steady  evolution  of  propellant-embedded  anchor  flukes  for  coral. 
Figure  1-2  shows  the  type  of  coral  fluke  now  being  used  with  the  NCEL 
family  of  propellant-embedded  anchors.  It  is  a  plate-like  fluke  that 
keys,  or  partially  keys,  after  penetrating  into  the  surrounding  coral 
mass  to  achieve  resistance  to  pullout.  Wadsworth  and  Beard  (1980) 
analyzed  available  data  from  coral  anchor  tests  and  installations  to 
develop  a  way  to  estimate  the  holding  capacity  of  plate-like  flukes. 

Attempts  to  test  propellant-embedded  anchors  in  rock  have  been 
reported  by  Smith  (1971),  Taylor  and  Beard  (1973),  and  Taylor  (1976). 
The  fluke  designs  they  used  gave  mixed  results;  sometimes  capacities 
were  very  good,  other  times  no  holding  capacity  was  obtained. 
Wadsworth  and  Beard  (1980)  reported  on  an  investigation  to  determine 
the  optimum  shape  for  a  rock  fluke.  Eight  different  model-sized  shapes 
were  tested.  The  best  performance  was  obtained  by  a  conical- shaped 
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fluke.  Investigations  with  this  fluke  shape  have  continued  and  tests 
have  been  conducted  with  a  conical  rock  fluke  sized  for  the  NCEL  20K 
anchor.  A  report  on  this  work  is  in  preparation  (Beard  and  Miller, 
1983).  The  fluke  is  shown  in  Figure  1-3.  This  fluke  performed  well  in 
sandstone  and  a  vesicular  basalt  seafloor,  but  no  method  has  been 
developed  to  estimate  capacity  in  other  rock  types  or  with  other  fluke 
sizes . 

1.2  Related  Reports 

This  supplement  is  based  on  information  contained  in  a  number  of 
reports  that  provide  additional  detail  on  coral  and  rock  anchoring  tests 
and  installations. 

Beard,  R.  M.,  and  J.  E.  Miller  (1983).  Results  of  20K  anchor 
conical  rock  fluke  tests  in  sandstone  and  basalt,  Naval  Civil 

Engineering  Laboratory,  Technical  Memorandum  M-42-83- _ .  Port 

Hueneme,  Calif,  (to  be  published) 

Miller,  J.  E.  (1982).  100K  propellant  anchor  technology  transfer  - 

Diego  Garcia  fleet  mooring  installation,  Naval  Civil  Engineering 

Laboratory,  Technical  Note  N- _ .  Port  Hueneme,  Calif,  (to  be 

published) 

Smith,  J.  E.  (1971).  Explosive  anchor  for  salvage  operations  - 
Progress  and  status,  Naval  Civil  Engineering  Laboratory,  Technical 
Note  N-1186.  Port  Hueneme,  Calif.,  Oct  197 1. 

Taylor,  R.  J.  (1976).  CEL  20K  propellant-actuated  anchors,  Civil 
Engineering  Laboratory,  Technical  Report  R-837.  Port  Hueneme, 
CaUf.,  Mar  1976. 

True,  D.  G.  (1977).  Use  of  the  CEL  xOOK  propellant  anchor  to 
provide  pulling  reactions  for  toppling  the  Argus  Island  Tower, 
Civil  Engineering  Laboratory,  Technical  Memorandum  M-42-77-1. 
Port  Hueneme ,  Calif . ,  Apr  1977 . 

True,  D.  G.,  and  R.  J.  Taylor  (1976).  The  CEL  100K  propellant- 
actuated  anchor  —  Utilization  for  tanker  moorings  in  soft  coral  at 
Diego  Garcia,  Civil  Engineering  Laboratory,  Technical  Note  N-1446. 
Port  Hueneme,  Calif.,  Jul  1976. 

Wadsworth,  J.  F.,  and  R.  J.  Taylor  (1976).  CEL  10K  propellant- 
actuated  anchor,  Civil  Engineering  Laboratory,  Technical  Note 
N-1441.  Port  Hueneme,  Calif.,  Jun  1976. 

Wadsworth,  J.  F.,  and  R.  M.  Beard  (1980).  Propellant-embedded 
anchots:  Prediction  of  holding  capacity  in  coral  and  rock  sea¬ 

floors.  Civil  Engineering  Laboratory,  Technical  Note  N-1595. 
Port  Hueneme,  Calif.,  Nov  1980. 
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2.0  SITE  SURVEY 


Site  survey  requirements  for  coral  have  evolved  from  experience  in 
testing  and  installing  many  NCEL  10K,  20K,  100K,  and  SUPSALV  coral 
anchors  (Smith,  1971;  True  and  Taylor,  1976;  Wadsworth  and  Taylor, 
1976;  Taylor,  1976;  True,  1977;  and  Miller,  1982).  There  is  little 
experience  in  surveying  rock  sites  for  propellant-embedded  anchorage; 
only  two  sites  have  been  visited  and  only  eight  tests  performed  (all 
with  the  NCEL  20K  anchor)  (Beard  and  Miller,  1983).  However,  survey 
requirements  for  coral  and  rock  sites  are  similar.  Specific  coral  and 
rock  properties  are  not  required  as  they  are  not  used  in  holding  capac¬ 
ity  predictions.  The  general  nature  of  the  coral  or  rock  and  the  depth 
of  sediment  overburden  are  helpful.  Seafloor  topography  is  valuable  in 
selecting  suitable  anchorage  areas  or  points. 

2.1  Coral  Type 

No  change  in  holding  capacity  has  been  noted  due  to  changes 
coral  type.  Penetration  is  reduced  as  coral  strength  increases,  b 
holding  capacities  tend  to  remain  constant. 

2.2  Rock  Type 

Limited  information  (Wadsworth  and  Beard,  1980)  is  available  on 
the  effect  of  rock  type  on  holding  capacity.  Model  test  results 
(Wadsworth  and  Beard,  1980)  indicate  that  holding  capacity  declines  in 
the  following  order  of  rock  types:  granite,  basalt,  limestone,  shale, 
and  sandstone.  Tests  with  an  NCEL  20K  anchor  conical  fluke  (Beard 
and  Miller,  1983)  showed  adequate  performance  in  a  vesicular  basalt  and 
a  sandstone.  The  tests  ended  in  mechanical  failure  of  connective  hard¬ 
ware  at  loads  between  180  and  310  kN  (40  and  70  kips). 

2.3  Sediment  Overburden 


Penetrating  through  a  sediment  cover  attenuates  the  energy  of  a 
fluke,  resulting  in  lower  coral  or  rock  penetration  and  presumably  lower 
holding  capacity.  Sparse  results  are  available  to  provide  a  means  of 
estimating  the  influence  of  specific  types  or  depths  of  sediment  cover. 
Most  tests  have  been  conducted  on  formations  void  of  sediment  cover. 
At  Diego  Garcia  Island,  up  to  3  meters  (10  feet)  of  coralline  sands  and 
oozes  did  not  seem  to  affect  holding  capacity  of  the  NCEL  100K  or  the 
SUPSALV  coral  anchors  as  judged  by  applied  proof  loads.  Smaller 
anchors,  which  penetrate  about  half  as  far  as  the  100K  anchor,  pre¬ 
sumably  would  not  be  affected  by  sediment  cover  of  similar  materials 
perhaps  up  to  1.5  meters  (5  feet)  thick.  The  effect  of  overburden  on 
the  conical  rock  fluke  is  unknown.  Tentative  guidance  is  to  limit 
sediment  cover  to  3  meters  (10  feet)  or  less  of  clay  or  1.5  meters  (5 
feet)  or  less  of  sand. 


2.4 


Holding  capacity  in  coral  and  rock  is  affected  indirectly  by  topog¬ 
raphy.  Sloping  surfaces  may  cause  the  fluke  to  ricochet.  Attempting 
to  penetrate  on  top  of  an  outcrop  or  near  the  edge  of  a  ledge  might 
cause  the  coral  or  rock  to  spall  with  little  or  no  penetration  achieved. 
In  general,  surfaces  sloping  more  than  20  degrees  should  be  avoided. 
Areas  with  vertical  or  near  vertical  rock  faces  taller  than  one  fluke 
length  should  also  be  avoided  when  possible  to  increase  chances  of 
obtaining  a  good  anchorage. 


3.0  HOLDING  CAPACITY  IN  CORAL 


Holding  capacity  in  coral  is  defined  as  the  load  required  to  pull  an 
anchor  fluke  out  of  the  seafloor  in  a  matter  of  minutes.  It  is  thought 
that  holding  capacity  is  obtained  by  plate-like  flukes  in  coral  when  an 
increasing  load  causes  the  fluke  to  key,  or  partially  key,  into  the  coral 
formation.  All  reported  holding  capacity  data  have  resulted  from  short 
duration  static  pulls;  no  other  type  of  holding  capacity  data  are  avail¬ 
able  (Beard  and  Wadsworth,  1980).  Because  the  mechanism  of  failure  is 
not  understood,  mechanistic  models  to  predict  holding  capacity  have  not 
been  developed.  The  approach  used  to  develop  a  predictive  equation 
has  been  empirical  (Wadsworth  and  Beard,  1980).  In  their  work  known 
projectile  (fluke)  parameters  and  target  (coral)  properties  were  studied 
to  determine  their  effect  on  holding  capacity. 

Wadsworth  and  Beard  (1980)  reported  the  analysis  of  available 
embedment  anchor  tests  and  installations  in  coral  seafloors.  The  results 
analyzed  came  from  tests  with  anchor  sizes  that  ranged  from  model  scale 
to  the  SUPSALV  propellant-embedded  anchor.  As  would  be  exp  cted, 
the  fluke  mass  and  impact  velocity  were  the  dominating  factors  control¬ 
ling  holding  capacity.  Of  the  86  test  installations,  there  were  only  19 
tests  where  the  anchor  flukes  were  pulled  out,  and  for  only  6  of  those 
19  tests  were  the  target  properties  known .  This  severely  limited  the 
data  base  to  be  used  for  analysis.  While  coral  properties  intuitively 
seem  important,  the  paucity  of  data  precluded  using  any  coral  proper¬ 
ties  in  the  analysis.  Consequently,  the  mass  and  velocity  of  the  pro¬ 
jectiles  were  the  only  parameters  included  in  the  analysis.  They  were 
combined  into  a  kinetic  energy  term  and  an  empirical  equation  for 
estimating  holding  capacity  in  coral  from  the  kinetic  energy  of  the 
projectile. 

The  equation  is: 


F 

c 


0.024 


0.684 


(3-1) 


where  Fc  =  holding  capacity  (kN) 

m  =  projectile  (fluke  and  piston)  mass  (kg) 
v  =  projectile  velocity  (m/sec) 
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Figure  3-1.  Results  of  pullout  tests  in  eorai  plotted  versus  fluke  kinetic  energy 
(after  Wadsworth  and  Beard,  1980). 


A  data  plot  that  yielded  this  empirical  equation  is  shown  in  Figure  3.1. 
Because  this  equation  was  developed  from  a  narrow  data  base,  its  use 
must  be  restricted  to  the  range  of  parameters  used  in  the  development. 
The  equation  only  applies  to  NCEL  plate-like  coral  flukes.  Projectile 
velocities  should  be  within  100  to  150  m/sec  (330  to  500  ft/sec).  Pro¬ 
jectile  mass  should  be  between  8  and  800  kg  (0.5  and  55  slugs). 

In  lieu  of  a  proof  load  to  or  above  design  capacity,  suitable  fac¬ 
tors  of  safety  need  to  be  applied  to  holding  capacities  calculated  with 
Equation  3-1.  From  a  statistical  view  of  the  data  base,  applying  a 
factor  of  safety  of  2  gives  90%  confidence  that  a  fluke  will  not  be  pulled 
out. 

For  the  NCEL  family  of  propellant-embedded  anchors,  Table  3-1 
gives  estimates  of  their  holding  capacity  in  coral  seafloors.  These  are 
estimated  average  pullout  loads. 
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Table  3-1.  Estimated  Average  Holding  Capacities  of  NCEL 

Propellant-Embedded  Anchors  in  Coral  Seafloors 


Anchor 

Projectile  Mass, 
kg  (slugs) 

Velocity , 
m/sec  (ft/sec) 

Holding  Capacity, 
kN  (kips) 

NCEL  10K 

52  (3.5) 

125  (410) 

160  (37) 

NCEL  20K 

130  (9.1) 

130  (425) 

325  (73) 

NCEL  100K 

725  (49) 

130  (425) 

1,045  (235) 

SUPSALV  100K 

725  (49) 

130  (425) 

1,050  (235) 

4.0  HOLDING  CAPACITY  IN  ROCK 

Holding  capacity  in  rock  is  defined  as  the  load  required  to  pull  an 
anchor  fluke  out  of  the  seafloor  in  a  few  minutes.  It  is  thought  that 
holding  capacity  is  achieved  by  the  conical  rock  fluke  through  bonding 
of  comminuted  rock  to  the  fluke  surface  by  heat  generated  during 
penetration  and  high  compressive  stresses  between  the  rock  and  the 
fluke.  Experience  with  the  conical-shaped  fluke  fired  from  a  NCEL 
anchor  in  the  ocean  is  limited  to  eight  firings  with  the  20K  anchor,  the 
first  two  of  which  did  not  remain  embedded  for  reasons  that  have  since 
been  corrected.  Other  than  these  tests,  only  the  results  of  28  tests 
with  20-cm-long  (8-inch-long)  conical  fluke  models  are  available. 

Holding  capacities  from  the  model  tests  varied  widely  as  a  function 
of  rock  type,  and  often  the  flukes  were  curled  (Figure  4-1).  Holding 
capacities  achieved  in  the  NCEL  20K  anchor  tests  are  of  limited  use  in 
developing  a  holding  capacity  equation,  as  none  of  the  flukes  were 
pulled  out.  As  a  consequence,  it  has  not  been  possible  to  develop  a 
holding  capacity  equation.  Model  test  results  were  erratic  because  of 
damaged  flukes;  this  appears  not  to  be  the  case  with  the  20K  anchor 
conical  fluke. 


Figure  4-1.  Example  of  curled  model  size  conical  rock  fluke. 
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There  were  several  problems  in  the  first  two  tests.  First,  a  collar 
at  the  top  of  the  projectile  designed  to  limit  penetration  may  have 
caused  the  projectile  to  bounce  when  the  collar  struck  the  rock. 
Second,  there  was  inadequate  standoff  distance  allowed  between  the 
projectile  tip  and  the  seafloor  at  the  initiation  of  propellant  burn.  As  a 
consequence  the  projectile  was  prevented  from  reaching  maximum  veloc¬ 
ity.  This  happened  because  the  projectile  tip  contacted  the  seafloor 
before  the  piston  pushing  the  projectile  had  cleared  the  gun  barrel. 
Third,  the  energy  of  the  propellant  used  was  below  specification, 
thereby  further  limiting  projectile  velocity.  These  problems  were  over¬ 
come  by  removing  the  collar,  increasing  the  standoff  distance,  and 
changing  to  a  more  dependable  propellant.  Subsequently,  two  tests 
have  been  performed  in  sandstone  and  four  tests  in  a  vesicular  basalt 
with  good  success  (Table  4-1).  The  results  of  these  tests  are  the  only 
guide  to  expected  performance  of  the  conical  rock  fluke.  Performance 
was  good  in  both  rock  types.  It  is  not  known  how  these  results  will 
extrapolate  to  other  rock  types  or  to  the  NCEL  10K,  NOEL  100K,  or  the 
SUPSALV  anchors. 


5.0  SUMMARY 

Propellant-embedded  anchors  have  become  an  important  asset  in  the 
Navy's  mooring  equipment  inventory.  Their  use  in  coral  seafloors  is 
fairly  common  and  their  performance  has  been  satisfactory.  There  have 
been  no  operational  uses  in  rock  seafloors,  although  their  potential  has 
been  demonstrated  by  a  limited  number  of  tests. 

It  is  apparent  that  guidance  for  using  propellant-embedded  anchors 
in  coral  and  rock  seafloors  is  unrefined.  Major  areas  of  uncertainty  are 
the  effect  of  coral  properties  on  holding  capacity  in  coral,  the  effect  of 
rock  type  and  properties  on  penetration  and  holding  capacity  in  rock, 
and  the  structural  adequacy  of  the  experimental  conical  rock  fluke. 
Efforts  to  overcome  these  uncertainties  will  begin  with  research  on 
anchoring  in  rock,  as  this  area  requires  the  most  advancement.  Ini¬ 
tially  this  would  involve  study  on  penetration  into  rock  and  the  rela¬ 
tionship  of  penetration  to  holding  capacity.  Later,  efforts  would  be 
directed  toward  development  of  an  improved  method  for  predicting 
holding  capacity  in  coral  with  an  emphasis  on  inclusion  of  coral  pro¬ 
perties  . 
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Table  4-1.  Results  of  NCEL  20K  Anchor  Tests  in  Rock 
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